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Ung dung phan mém Maple giai mot s bai toan tinh hoc

! B mén Co hoc 1y thuyét, Khoa Xay dung, Pai hoc Kién Trtic Ha Nbi
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Viéc st dung cic phdn mém toan hoctrong hoc tip,céng viéce hoidc nghién cttu khoa hoc hién nay 1a thiét
yéu. Vi vay,cac truong Dai hoc thude khéi ky thuét cta Viét Nam da bét dau gidi thiéu va huéng din sinh
vién st dung cdc phin mém toin hoc trong qué trinh giang day cdc mon hoc chuyén nganh va co s&
nganh. Pbi véi mén Co hoc co s& thi cac tai liéu hwdng din st dung cdc phin mém todn hoc vio viée giai
céc bai toan Co hoc con han ché. Maple 14 mét cong cu tinh toidn manh, hon nita Maple con c6 giao dién
than thién v6i ngudi ding. Nghién cttu nay dwa ra huéng din cu thé dé ngudi doc c6 thé tiép can mot
cach dé& dang phdn mém Maple va ting dung giai cac bai toan tinh hoc.

ABSTRACT

Maple

Classical mechanics
Statics
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Programming

Nowadays it is essential to apply mathematical software in study or scientific research. Therefore,
Vietnam's technical universities have begun to introduce and guide students through theapplying
mathematical software in specialized subjects. For classical Mechanics, the instructional documents on
using mathematical software to solve mechanical problems are limited. Maple is a powerful calculation

tool, and Maple also has a user-friendly interface. This study provides specific instructions so that readers

can apply Maple to solve statics problems easily.

1. Gi6i thiéu

Trong khoa hoc va ki thuat hién nay, viéc st dung cdc phin
mém hd trg dé trién khai cic budce tinh todn cu thé trong cac bai toan
ky thuét 13 thue sy cin thiét. Tinh to4n bing cic phin mém hd trg
dua ra cac két qua s chinh x4c va nhanh hon tinh to4n tha cong dic
biét 14 dbi nhitng phép tinh toan phtic tap. Céc ki ning st dung phin
mém cang tt thi hiéu qua cong viéc cang cao. Do d6 viéc gidi thiéu
téi sinh vién khéi nganh ki thuat cic phin mém hd tr¢ tinh toan 1a
can thiét. Trong cic phdn mém toan hoc hién nay, Maple [1] 13 mét
trong nhitng phdn mém hé trg cho ca tinh toan sé va tinh toan hinh
thite tét nhét dugc cac nha khoa hoc va céc ky su tin dung [2].

Co hoc co s& 12 mén hoc co s& cho khdi nganh ky thuat nghién
cifu s can bing va chuyén dong cua cic vat rin dudi tic dung cia
céc lye [3-5]. Tinh hoc 14 phin diu tién ctia Co hoc co’ s¢ trang bi cho
nguoi hoc cac kién thitc co s vé hé luc, cach thu gon hé luc, tinh mo
men clia cac e dbi v6i mot diém, mot truc va nglu luc; cac loai lién
két co ban; didu kién cin bing cua vat thé chiu lyc. Hoc phin nay
gitip cho ngudi hoc cé thé xét can bing clia céc vét rin (thwong 1a cac
két cAu tinh dinh) chiu cac loai hé luc, tinh dugc cac phan lyc lién
két. Hoc phin ciing nghién cttu sy can bing va x4c dinh ng Iyc trong
céc thanh cta dan phéng tinh dinh. Hién nay tai Viét Nam, hoc phin
Tinh hoc duoc giang day theo phuong phép truyén théng. Ngudi day
cung cAp co s 1y thuyét; huéng din ngudi hoc 4p dung 1y thuyét dé
phén tich va giai cac bai toan cu thé va céc bai toan van duge thuc

hién bing phwong phap “tha cong”. Theo xu thé phat trién ctia khoa

*Lién hé tac gia: hagiang813@gmail.com
Nhan ngay 13/05/2023, stta xong ngay 04,/10/2023, chip nhan ding 11/10/2023
Link DOI: https://doi.org/10.54772/jomc.05.2023.579

hoc ki thuat hién dai, trén thé gidi di c6 nhiéu truong dai hoc giang
day mén hoc nay bang cach cho sinh vién tiép c4n véi phdn mém tinh
toan vi du nhu Maple [6] . S& dung céc phin mém sé giam thiéu khéi
lwong tinh toan cho nguwdi hoc. T d6 gitip ngudi hoc tiép thu kién
thitc mén hoc mot cach dé& dang va hiing tht hon. Qua trinh 1ap trinh
giai cdc bai todn co hoc sé gitip ngudi hoc hiéu ré ban chét bai toan
va céc phuong phéap giai mot cach twdng minh. Hon nita dugc tiép
can v&i viée 1ap trinh giai cac bai todn Co hoc co s&, phin Tinh hoc sé
tao tidn d@ tét dé sinh vién c6 thé ¢ng dung phan mém tinh todn trong
cac moén hoc chuyén nganh ciing nhv phuc vu cho céng tac chuyén
mon trong twong lai cta sinh vién.

Nhuv d4 phan tich & trén viéc ng dung phin mém dé giai cic
bai toan Tinh hoc 13 cin thiét, phit hop véi xu huéng phat trién ctia
khoa hoc ky thuét hién dai. Maple khong nhitng 1a mot cong cu tinh
todn manh ma con c6 giao dién r6 rang, hinh thitc dep mét, phit hop
dé sinh vién dang hoc mén Co hoc co s (thwong 1a sinh vién nim
th hai) 4p dung tai cac truong dai hoc k§ thuét. Tuy nhién, hién nay
tai Viét Nam, s6 lugng céc tai liéu hé théng céc bai toan cua Tinh hoc
ddng thoi hwéng dan wng dung phin mém Maple dé giai cac bai toan
nay con han ché. Muc tiéu ctia bai bdo nay 14 hé théng lai cac bai toan
Tinh hoc, thiét 1ap so dd khéi cho cac bai toan tinh hoc va viét cac

chuwong trinh giai toan trong méi tred'ng phan mém Maple.

2. Gidi thiéu vé Maple
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Maple c6 2 ché do giao dién chinh 1 “Document” va
“Worksheet”. Cac chiic ning va dic tinh ctia 2 ché d6 nay 14 nhv
nhau, chting chi khac nhau & mét diém cht yéu 13 ving nhap di

liéu vao.
2.1. Ché d6 Document

Ché d6 nay sit dung khdi vin ban (Document block) 1am ving
nhap dit liéu mic dinh. Mot khéi vin ban duoc xic dinh bdi hai tam
gidc n3m trén c6t phia bén trai (Markers) ctia trang 1am viéc. Néu khéng
thiy co6t Markers, hiy vio menu View chon Markers. Ché d6 nay gitip ta
thie hién céc thao tic mét cich chi dong trén céc dbi tugng hodic biéu
din toan hoc béng cach diing Context menu (Hinh 1).

solve
Vidg > +3x4+2 —— {x=-1}, {x=-2}
Chd ¥: Néu trén cta s6 1am viéc khong xuét hién Context panel

thi kich chuét phai vio dbi twong va chon Context panel.

Hinh 1. Giao dién ché d6 Document.
2.2. Ché d6 Worksheet
Ché do nay st dung d4u nhéc 1énh ( [> ) [xem Hinh 2] trong

viing nhap dit liéu. Khi sit dung Context menu ngit canh trong ché d6

ndy, tit ca cac ci phép 1énh sé dugc hién thi.

== BJU B i

Hinh 2. Giao dién ché d6 1am viéc Worksheet.

2.3. Mot s lénh thiedng ding gidi cdc bai todn Co' hoc
a) Khai b4o ham sb
>f:= x"2+3*x+2 #ham bién x

Pé khai bao ham phu thuge tham sb ta diing ddu ->

>fl:=m->xx"2+3*x+2+m
b) V& dd thi 2D

G4i 1énh: with(plots)

Lénh: plot((f(x),x =a..b,options);

C6 thé click phim phai chudt vao dd thi dé chon options.

Vi du:

>with(plots)

Plot(f,x=-2..2,thickness = 2,title ="Do thi ham bac 2e”
¢) Giai phuvong trinh: 1énh solve

Vi du

>PT:= x"2+3*x+2

>N: =solve(PT,{x}) #giai phuong trinh PT=0

Khi d6 két qua hién thi trén man hinh 13 {x = -1}, {x = -2}.
Vay PT=0 c6 2 nghiém phéan biét 1a -1 va 2.

+ Giai hé phuong trinh: 1énh solve

Vi dw:

> ptl 1= 4*x+2*%y = 4:

> pt2:= 2*x+3*y = 7:

> solve({ptl, pt2}, {x, y})

Két qua ching ta nhan duoc 1a {x = — 1/4, y = 5/2}.
d) Tinh toan v&i véc to

Céc phép tinh v6i véc to chiing ta ding géi 1énh dai sé tuyén tinh
>with(linalg)

>v:=vector(3,[1,2,3]: >v:=[1,2,3] # véc to dong

>uw = <4,56> #véc to cot

> dotprod(v,u) # tich vé huéng

> crossprod(v,u) # tich véc to.
3. Bai to4n can bing ctia hé vat duéi tac dung hé lvc phing
tdc dung ctia hé lizc phdng.

Ap dung nguyén 1y giai phéng lién két, chiing ta tich va xét can
bing titng vat mot. PSi véi mdbi vat ta cé 3 phwong trinh can bing:

Yoxi=o Y=o Y m@EH=0 k=Tm O

j=1m j=1m j=1m

Trong dé fjk 1a Iyc thi j tic dung vao Sy. Vi co hé ta xét gdm n
vat nén ta sé ¢6 3n phuong trinh can bing. Cic phwong trinh nay doc
lap vé&i nhau.

Cong n phuong trinh hinh chiéu céc lwc 1én truc x ta cé:
2k X,k =0;

Tuong tu doi véi n phuwong trinh hinh chiéu cac luc 1én truc y,
va n phvong trinh m6 men ta cé

LTV =0 T Xm(F) = 0;
Vi céc ciip ndi lwc 1a trie d6i nhau nén

LeXiXE =0, T, X;vM=0 ; XXM, (Fk) = 0;
Tw day ta cé:
X =0, LLYe=0; ; TpXm,(Fke) =0; n
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Pay 1a hé 3 phuong can bing ta thu dwgc khi héa rin va xét
cin bing ctia co hé n vat rén S;.S,...S,. Nhu vay hé phuong trinh (II)
12 hé qua ctia hé phiong trinh (I) va sé phuong trinh cin bing doc
lap t6i da ma ta c6 duwoc khi xét co hé n vat 12 3n.

3.2. Phuong phdp gidi

Phuong phap tich riéng titng vat d& xét can bing khi d6 ta thu
dwgc hé 3n phwong trinh cin bing (I).

Khai bdo ngoai luc, cac cap noi luc

Tach va xét can bang titng vat trong hé.

Thiét 1ap phuong trinh c4n bang ctia hé hic

tadc dung vao tiing véat

Giai va bién ludn hé 3n phiong trinh

can bang

Két luan nghiém

a. So dd khéi giai bai toan can bing hé

vét rin dudi tic dung ctia hé luc
phéng bing phuong phép tach riéng
tiing vat

3.4. Vidu 1(Pé thi Olympic ndm 2014)

Hé can bing trong mit phing di#ng nhv Hinh 3.1. C6t OA thing
dting, trong lwgng P. Thanh ngang BD trong ligng khéng dang ké gin
cling v&i cot, chiu tic dung ctia luc F, ngiu lic c6 mdémen M va hé luc
phén bd v6i cudng db q(x). Day AE tao v&i nén ngang géc a;

S6 litu: OA= h; =10m;0B = h, =8m.BD = | = 3m;

qg(x)= 9— x2N/m;P = 5000N;F =40 x Q; M = 751> Nm;

Apin = 45° Qpae = 80° b = 25°

*1) Xac dinh hop luc Q, khoang cach x,.

*2) Xac dinh Iyc cing T day AE, cac luc lién két tai O va B phu thudce
goc a.

*3) V& @b thi T(a); a = [@min Amax]

*4)Khi a = a, = 67°, xac dinh tri s6 ctia T va cdc luc lién két tai O, B.

Loi giai trén phan mém Maple.

Phuong phép héa rin két hop tach vat:
- Budc 1: Héa rin va xét cin bing toan hé thu duwoc hé 3
phuwong trinh cin bang (II).
- Buwgc 2: Tach va xét can béng n-1 vat thu dvoc 3(n-1)
phuong trinh can béng.

k _ 0. k _ 0.
doxk=o Y =0

j=1m j=1m

3.3. So do khdi

Z M, () =0; k=Tn—1 )

j=1m

Khai bao hé cac ngoai luc, noéi luc tac dung vao co
hé

Thiét 1ap 3 phuong trinh cin bing ctia hé cac
ngoai luc

Téch va xét can bing n-1 vat.

Thiét lap 3(n-1) phuong trinh can béng

Giai va bién luan 3n phuong trinh can bing

Két luan nghiém

So 46 khdi giai bai toan can bing hé vat rin dudi tac
dung ctia hé lyc phing bing phwong phap héa rén két
hop véi tach vat

Hinh 3. Hé can bing trong mit phing ditng.
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> #hop fuc he luc phan bo
3

> Q= J (9—,\2](1\'
o

Q
i
o

@)
3
J x (9 7,\2]d\'
s
J (9 —2) dr
]
o= % @
> #Phan luc can tim Xo,Yo,XB, ¥B, Mb,SaetXet can bang OA
> X] = XO+ XB — Sae-cos(a); ¥I := YO + ¥B — Sae-sin(o) — 5000; MbI == 2-Sae-cos( o) + Mb + 8-XO. &phuong trinh chieu Iuc len truc x, v, phuong trinh mo men voi B
XI 1= XO + XB — Saecos( o)
¥1:= YO + ¥B — Saesin( o) — 5000
Mb1 == 2 Saecos( o) + Mb+ 8 XO 3)
> #Xet can bang BD
3
3 3 3 . 3 I x (9 —)ar 3
> X2 =-XB +40 J (5 — %) dr sin[ 21;'; ] ¥2 ==—}'B—J (9 — ) de— 40 J (5 — %) dr cos[ 21;;“ ];Mb} — —Mb—J (o—)arL—— —40 J (59— %) dr
o o o ) J (5 —2%) ar o
o
cos[ QIET:)[] 3—753%
m (5
X2i= —XB + L_Dsm[fit]
. . S 5
Y2i= -¥B— 18 — Loms[ 3 ]
MB2 = —Mb— % — 2160 Ecs[ % 1[] “@
. soive[ IXO+XB — Saecos(er) =0, YO + YB — Saesin(or) — 5000 = 0,2 Saecos ) + Mb+ §.X0=0,-XB + TZOSirl[%] =0-¥B—18 - mcos[ %J =0, -Mb
- 27% — 2160 cos[ 3—” :0], (X0, XB, Sae, YO, VB, Mb]J
3 . [3
960:05[ —-— r[] + 2560 sm[ — n] + 309
3 2781 9 36 36 [ 5 [ 5 5 2781 .
Mb=-2160 —n|— ——. Sae=— AB=T720 — [ X0=-144 —mn|+216 —n|+—— 1B= 5
ms[ % r[] T ae o cos(ot) - sm[ % 7[]7 sm[ % 7[] cas[ 3 7[] T 5
. : 8640 sin( o) \:as[ % 1[] + 23040 sin( o) sin[ % IIJ + 28800 cas[ % H] cos( o) +2781 sin o) + 200720 cos{ or)
5 .
-18—=T720¢cos| — |, YO=—
[ 36 ] 40 cos{cx)
in Sm
< 9 [2560 sin[ —] + 960{:05[ —] + 309] < <
. evm}"[,lib=—2lét)cos[£} - &];gvaf Sae= 36 36 ;gvafj{XB=?205in[£]];evaff[XO=—144—sin[£]
36 4 40 ms[m) 36 36
sm)amsty se ) A
+216c05[¥] + T]:waff[}ﬁ— 18 720cus[ % D:maf Yo
. LS in . St .
23040 sm(:r.] mn[ STJ + 2880{)@5[ STJ ms[u) + 8640 ilﬂ(ﬂ:) ms[ % ] + 200720 ms[m) + 2781 sm[u)
= #dua ve gia tri thap phan
40 cos( o)
Mb=-2651.874820
She= 508.7156008
cos(a)
XB=3042851485
XO=204.4304523
YB=-670.5416066
o= 02500000000 (20348.62403 sin( o) + 2.268216643 107 cos{ ) ) ®
cos( o)
N S ) o SUTL6008
cos( o)
. . 508.7156008
Sae = o cos(or) ™
> plot| Sae(o), o= T;(;[ ?3(;[ . legend= Sac]
2500
2000
1500
1000
o Sm Sx ilx 3t 13k Tx
4 32 6 32 32 16
— Sac
> evaif[.i“ae[ 61‘;(;[ ]]
7 1301958211 ®
>
>
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4. Bai toan can bing vat rin chiu tic dung hé Iuc khong gian
4.1 So @ khoi

Khai bao hé luc tac dung vao

Xac dinh véc to chinh va mo6 men chinh ctia hé luc

Tit diéu kién can bing véc to chinh vA m6 men chinh
bing véc to khong, thiét 1ap 6 phitong trinh can bing

Hinh 4.

Cot OA dwogc giit can bing thing ditng nhd ban 18 ciu O, hai
thanh khéng trong lwong (1 va 2) nhu Hinh 4. Cac thanh AB//Ox va
CDE (CDG//Oy, cung DE 1a % dudng tron tim G n3m trong Oyz)

1

Ket luén nghiém dugce han chit vao cot OA. Trong ligng cot P = 5000 N. Luc F //x

tai A, tri s6 F = 500 N. Ngiu lyc trong mét phing yz c6 mémen M, =

Giai va bién luan hé phwong trinh cin bing

4.2, Vidu (Bai 1 d& thi Olympic ndm 2015) 300 Nm. C4c lgc phan bd déu cé cudng d6 ¢ =100 N/m (trén doan
AB liic phan bé thing ditng va trén cung DE lic phin b nim trong
miit phing Oyz va huéng vé& tim G). Cho biét cac khoang cach: OK =
KA = 3m, AB = CD = R = 2m; KC = CA; a,;;, = 45°, apn = 135°.

Lovi giai trén phin mém Maple

> with{linalg)
[BlociDiagonal, GramSchmidt, JordanBlock LUdecamp, QRdecomp, Wronskian addecol, addrow, adj, adioint, angle, augment, bacisub, baned, basis, becout, blockmatrix, charmat, 04]

charpaly, cholesky, col, coldim, colspace, colspar, companion, concat, cond, copyinta, crossprod, curl, definite, delcols, delrows, det, diag, diverge, dotprod, eigenvals, eigemvalues,
eigenvectors, eigenvects, entermatrix, egual, exponential, extend, ffeausselim, fibonaccl, forweardsub, frobenius, gausselim, gaussjord, genegns, genmatrix, grad, hadamard hermite,
hessian, hilbert, htranspose, ihermite, indexfime, innerprod, intbasis, inverse, ismith, issimilar, iszero, jacobian, jordan, kernel, laplacian, leastsqrs, linsolve, matadd, matrix, minor,
minpoly, mulcol, mulrow, multiply, norm, normalize, mullspace, orthag, permanent, piver, potential, randmatrix, randvector, rank ratform, row, rowdim, rowspace, rowspar, rref,
scalarmul, singidarvals, smith, stackmatrix, submatrix, subvector, sum basis, swapeol, swaprow, sylvester, toeplitz, trace, transpose, vandermorede, vecpotent, vectdim, vector,
wronsiian|

j> #Hinh chieu cac luc
ROA = [(XO, YO, ZO) [¢Phan luc tai O

RO4 = [ X0, Y0, Z0] @
P = [(0.0,-5000)]
P = [0, 0, -5000] 3
5 = [[SI-Sin[%],O,—SI-COS[%]]]
8= [%SLD,—%SIH] @
S = [[SE-Sin[%]-cos[a],SE-sin[?] sin[a],—SZcos[%]”
8y = lészﬁcos[a}, %S.?ﬁsin[ot),—%&’] o)
F = [(-500.0,0]]
Fi=[-500.0,0] (6
01 = [(0,0.-200)]
Q1= [0,0,-200] (M
02 = [[0, 100-2-ﬁ-cos[%],—Loo-zﬁ-m‘n[%}]
02 = [0, 200, -200] (8
MX = [(-300,0,0)]
MY = [-300,0,0] ®

JOMC | 73



Tap chi Vit liéu & Xdy dung Tdp 13 S6 05 ndm 2023

> #diem dat luc
0= [(0.0,0)]

RO=[0,0,0] (10)
P = [(0,0.3)]
= [0.0.3] [18))
F = [(0,0.6)]
= [0.0.6] 12)
01+=[(1.0.6)]
RQI=[1,0,6] (13)
= [(0.3.55)]
RQ2+=[0,3,55] (14)
;> #ver to chinh
> RO=ROA+P+8+5+F+0I+02
RO=|-500+ %Szﬁcos(a} + %Sf +X0,200 + %Sfﬁsin(ot] + Y0, -5400 — %s_ﬁ— %s;ﬁ+zo (s)
j> Zmomen he luc doi voi O
rossprod(RP, P)
[000] (16)
:mssproa'(RP, Sl]
3
[ 0 5510 } an

rrossproa'(RP, Sz]

[ —%SZﬁsin[ot} %Sfﬁcos{a} 0 (18)
rossprod( RF, F)
[0 -3000 0] (19)
rossprod(RQL Q1)
(0200 0] (20)
crossprod(RO2, Q2)
[ -17000 0 0 ] (1)
#mo men chinh
> = [0 32& 0l+] - 353"{25"“(“) 352‘){?2“’5(“] 0[+]0 -3000 0]+[0 200 0]+ -17000 0 0]
= [ ——szJ_sm[a) 1700.0 —SI+ sw’_cos{ o) — 2800 0 (22)
B H il H ol
so!wa[’-som SZ“'{_“’S( ®) 4 5L yo-0.200+ SZ‘E;“(“) +}'o:0,-5400—%—¥+zo:0,—ES“JZ“[ ®) _ jo00=0,35L 2 43 "{_“’5( %) _ 3500
= 0], (X0, 70,20, §1, SS]]
5= 800 Scos(a? + ?sm(ot) == 4000 ﬁ xo=- 1300 Yo0= 1400 70= 200 (30 cos[a] +42 sm(ot).+ 81 ﬁsm{ot] - 10) ﬁ 23
3 sin( o) 9 sin(o) 3 3 R sin( o)
Si(a) = 800(?5111[0f) +3cos(a))
3sin( o)
§7 e a—-L 5600 sm[ot). + 4000 cos( o) 29
3 sin( o)
52(a) =M
9sin( )
5= a_._@ L (2
9 sin(o)

plot([S1(a). 52(0r) | o=45*Pi* (1/180) .. 135*Pi* (1/180), color=["Red","Green'])
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3000
20001
1000
0 T T T T T T T 1
3k 3n 7n & 9m 5w llm 3x
16 8 16 2 1 § 16 4
[+
_1000/—\

_m
=7
1
o= (26)
evalfl S1= 800 'r‘sm 0‘.} +5 cos(a})
3sin( o))
S51=18066.666667 (27
o] 52— 2000 J_
9 sm Ot
o %?1: (26)
§i= 800 7sin ot} +3 cos{ot]}
3 sin( o)
§1=1866.666667 (2
evalf] 57 = 20003
9sin( o)
52=-769.8003590 @8)
evalf| XO=- %J
XO=-433.3333333 29)
evm'f[ ¥o= lt’ﬂj
YO =4606.6666667 (30)
2 i i _
evalf| zo= 200 (42 sinf o) + 30 cos(a) + 81 sm(ot]ﬁ IO]JT
9sin( o)
Z0=6631.680575 31
Tai liéu tham khao [4]. Russell C. Hibbeler (2009), Engineering Mechanics--Combined Statics &
Dynamics, 12th Edition, Prentice Hall
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